Purpose: To investigate whether a correlation exists between the semi-quantitative breast-specific gamma imaging (BSGI) findings and dynamic contrast-enhanced (DCE) MRI parameters assessed by a computer-aided evaluation program. Materials and Methods: Semi-quantitative index of the lesion to non-lesion (L/N) ratio in BSGI and DCE-MRI parameters was assessed by a computer-aided evaluation program, where 47 cases of invasive breast cancer were obtained. Correlations between the L/N ratio and DCE-MRI parameters were assessed by a computer-aided evaluation program. Tumor diameter (cm), angio-volume (cc), degree of initial peak enhancement (%), persistent enhancement proportion (%), and washout enhancement proportion (%) were analysed. The relationships between the L/N ratio and DCE-MRI parameters were evaluated by a univariate and multivariate regression analysis. Results: The mean L/N ratio of the 47 tumors was 3.63 ± 2.19 (range: 1-13.1). The L/N ratio was higher in tumors with larger diameters (p < 0.001), increased angiovolume (p < 0.001), higher degree of initial peak enhancement (p = 0.005) and increased washout enhancement proportion (p = 0.004). In the multivariate regression analysis, angio-volume (cc) and washout enhancement proportion (%) were associated with L/N ratio (p = 0.007 and p = 0.024, respectively). Conclusion: There was a correlation between the semi-quantitative L/N ratio in BSGI and DCE-MRI parameters assessed by a computer-aided evaluation program for breast cancer.
INTRODUCTION
Breast cancer is one of the most common female malignancies. In the past decade, breast-specific gamma imaging (BSGI) with 99mTc-methoxyisobutylisonitrile (MIBI) has evolved for use in cancer detection and has complemented traditional imaging methods. However, the exact uptake mechanism of 99mTc-MIBI is still under investigation. It is reported that 99mTc-MIBI is distributed inside tissues in proportion to the blood flow and is especially concentrated in malignant cells.
Approximately 90% of the tracer is stored within mitochondria (1) . BSGI provides independent biological information specific to breast cancer (2) (3) (4) (5) (6) .
MRI is an effective diagnostic tool for differentiation between benign and malignant breast masses, preoperative evaluation in breast cancer patients, breast cancer screening and early prediction of the response to neoadjuvant chemotherapy (7, 8) . Dynamic contrast-enhanced (DCE) MRI can depict the distribution of a contrast agent within a tumor over time and can noninvasively assess the tissue vasculature (9) . Computer-aided detection (CAD) programs for DCE-MRI automate kinetic assessment and provide an easier way to interpret the patterns of contrast enhancement across a series of images (10, 11) .
Several studies have demonstrated that BSGI and DEC-MRI have similar sensitivity and specificity in breast cancer detection (12, 13) . However, little is known about the correlation of 99mTc-MIBI uptake in BSGI with DCE-MRI parameters of breast cancer. Therefore, we aimed to investigate whether a correlation exists between the semi-quantitative BSGI findings and DCE-MRI parameters assessed by a computer-aided evaluation program for breast cancer.
The visual interpretation criteria for BSGI were suggested earlier (14) . Images were categorized asnormal (score of 1), with no focal or diffuse uptake; benign (score of 2), with minimal patchy uptake; probably benign (score of 3), with minimal patchy uptake with some areas of more focal uptake; probably abnormal (score of 4), with mild focal radiotracer uptake; and abnormal (score of 5), with marked focal radiotracer uptake. These criteria are qualitative and rather subjective. The lesion to nonlesion (L/N) ratio for semi-quantitative analysisreflects the 99mTc-MIBI uptake level and is an important parameter of BSGI as a functional imaging (3).
MATERIALS AND METHODS

Patients
The Institutional Review Board of our hospital approved this retrospective study (2014-12-012); the requirement for informed consent was waived. Between January 2014 and December 2014, 113 patients who had suspicious mammography or ultrasound findings were imaged with BSGI. Among them, 47 patients with lesions that had been biopsied and were confirmed to be invasive breast cancer underwent breast DCE-MRI for initial staging. One patient was later excluded due to non-physiological CAD parameter values. One patient had bilateral breast cancer.
Finally, this retrospective study involved 46 patients (mean age: 51 years, range: 32-68 years) with 47 index breast cancers. None of the patients received chemotherapy or radiation therapy prior to the study.
BSGI
BSGI examinations were performed after the patients were administered 20 mCi 99mTc-MIBI through an antecubital vein.
The patients were seated for the procedure, and craniocaudal (CC) and mediolateral oblique (MLO) view images were acquired using a high-resolution breast-specific gamma camera (Dilon 6800 gamma camera; Dilon Technologies, Newport News, VA, USA). Images were acquired for 10 min for each view.
Semi-quantitative analysis of BSGI was performed by two board-certified radiologists in consensus, one with 10 years of experience and one with 6 years of experience in breast imaging.
The readers were not blinded to the lesion site. The L/N ratio was considered as the semi-quantitative indices of BSGI.
For lesions, a region of interest (ROI) was manually drawn covering the target lesion area. The maximum 9 pixel counts of the ROI were measured on different CC and MLO images (6) . The higher value was chosen for lesion maximal uptake between the
CC and MLO views. For non-lesions, another three circular
ROIs, approximately 1 cm in diameter, were drawn in the contralateral trisectioned breast parallel to the base of the breast (anterior/ middle/ posterior), and the mean values of the three ROIs were averaged into a single value ( Fig. 1 ). The L/N ratio was then calculated by dividing the maximum pixel counts of the lesion by the average non-lesion uptake. There were two cases in which the tumor (lesion) and background breast tissue (non-lesion) were not distinguishable. The L/N ratio for these cases was regarded as 1.
MRI Evaluation
All MR examinations were performed by using two 3.0-T MR In the univariate analysis, the L/N ratio was significantly higher in tumors with larger diameter (p < 0.001), increased angiovolume (p < 0.001), higher degree of initial peak enhancement (p = 0.005), increased washout enhancement proportion (p = 0.004) and higher rapid enhancement proportion (p = 0.047) ( Table 1 ).
In the multivariate regression analysis, angio-volume (cc) and washout enhancement proportion (%) were significantly associated with L/N ratio ( Table 2 ). The estimated L/N ratio increas- 
DISCUSSION
In this study, we investigated whether a correlation exists be-tween the semi-quantitative BSGI findings and DCE-MRI parameters assessed by a computer-aided evaluation program for 47 breast cancers. We observed that the L/N ratio was higher in tumors with larger diameter (p < 0.001) and increased angiovolume (p < 0.001). These results are similar to those of previously published studies: 99mTc-MIBI uptake has been found to be positively related to tumor size. In a previous study of 102 breast cancers, the value of the semi-quantitative index expressed as the L/N ratio was independently related to tumor size (p = 0.002) and infiltration degree (p = 0.016). The study showed that the sensitivity of BSGI in diagnosing breast cancer was related to tumor size: 100% for tumor size more than 2.0 cm and 89.1% for tumors less than or equal to 2.0 cm (15). Tadwalkar et al. also reported that BSGI detected all invasive breast cancers that measured ≥ 7 mm regardless of grade (16) . We had two pathology-confirmed breast cancer cases, considering no uptake in the MIBI scan; in other words, the L/N ratio was 1. 68.9 ± 32.39 (84) 0.021 (0.000-0.041) 0.047 *Linear regression analysis. CAD = computer-aided detection, CI = confidence interval, SD = standard deviation Table 2 These two breast cancer tumors were 0.6 cm and 0.8 cm in diameter. The sensitivity for subcentimeter cancer was 71.4%
Table 1. Result of Univariate Regression Analysis between CAD Parameter and Lesion to Non-Lesion Ratio on Breast-Specific Gamma Imaging
CAD Parameter Mean ± SD (Median) Regression Coefficient (95% CI) p-Value*
. Results of Multivariate Regression Analysis between Computer-Aided Detection Parameter and Lesion to Non-Lesion Ratio on Breast-Specific Gamma Imaging
(5/7) in our study. Further studies are needed for a more comprehensive analysis of BSGI results with respect to tumor characteristics.
There are several studies regarding the existence of a correlation between the kinetic parameters on DCE-MRI and histopathologic prognostic factors of breast cancer. Baltzer et al. (17) reported that higher lesion volume and higher and earlier initial enhancement were independent covariates that are predic- The main limitation of the present study is its retrospective design, which unavoidably introduces selection bias and limits the general application of the results. The small sample size is also a limitation, as it is not sufficient for accurate statistical analysis.
In addition, this study lacked histopathologic correlation for breast cancer such as subtype, hormone receptor status or histologic grade which could have affected the result of 99mTc-MIBI uptake in BSGI or DCE-MRI parameters. Further research for correlation between 99mTc-MIBI uptake and histopathology of breast cancer could be valuable. Limitations of this study include the fact that MRI was acquired on two different scanner-coil systems. The differences in spatial resolution and boundary detection for delineating ROIs of lesion could have affected the results of CAD parameters.
In conclusion, there was a correlation between the semiquantitative L/N ratio in BSGI with DCE-MRI parameters assessed by a computer-aided evaluation program for breast cancer. We observed that increased uptake of 99mTc-MIBI in BSGI was associated with increased angio-volume (cc) and washout enhancement proportion (%) in DCE-MRI.
